INTRODUCTION
Since the second half of the 19th century, azo dyes have been widely used in various products such as textiles, leather, paper, etc. because of their low cost and variety of available colors. At present, more than 3000 azo dyes are used globally, constituting 65% of the global commercial dye market
1）
. However, carcinogenic primary aromatic amines (PAAs) are generated through reductive decomposition of certain azo dyes by microorganisms on the skin, intestinal bacteria, and the liver
2-4）
. These azo dyes include more than quarter of all of azo dyes that have been synthesized globally; 250 azo dyes contain the benzidine structure
5）
. Thus, in 1994, the German government banned the use of certain azo dyes in consumer goods that can potentially come into direct, long-term contact with human skin . This previous study detected high concentrations of benzidine, 3,3＇-dimethoxybenzidine, and 2,4-diaminotoluene, exceeding the EU regulatory value in several cotton placemats manufactured in India.
Textile products that could potentially come into direct contact with human skin are regulated in the EU, and placemats do not always come into contact with human skin. Thus, the concentrations of PAAs needed to be investigated in textile products that do come into directly contact with human skin. Furthermore, contravention cases for leather products have also been reported by RAPEX
11）
. However, the concentrations of PAAs in commercial leather products in Japan are unknown. Thus, the aim of this study was to investigate the concentrations of PAAs in commercial textile products that can potentially come into direct contact with skin and in commercial leather products. Twenty-six PAAs were investigated in this study (Table 1) . Vol.22, No.4, pp.197-204, 2012］ Summar y Twenty-six carcinogenic primary aromatic amines (PAAs) originating from azo dyes in commercial textile products that can potentially come into direct contact with human skin (31 products; 41 samples) and in leather products (23 products; 23 samples) in Japan were investigated. Twelve and 11 PAAs were detected in the textile and leather products, respectively, nearly all at low concentrations (below 1.0 µg/g). However, the concentrations of benzidine (45-593 µg/g) in one shawl and six sheets and covers (seven samples) exceeded European Union (EU) regulatory limits (below 30 µg/g). Concentrations of o-toluidine (430 µg/g), benzidine (31 µg/g), and 3,3＇-dimethylbenzidine (40 µg/g) in leather products (hand-crafted leather) also exceeded EU regulatory limits. Shawls, sheets, and covers can come into direct contact with human skin. Thus, an exposure evaluation should be performed for benzidine in these products.
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MATERIALS AND METHODS

Samples
Commercial textile products that come into direct contact with skin and leather products were purchased from several retail stores in Japan in December 2011 and Januar y 2012. The details (use, color, etc.) of the samples are listed in Table 2 . Textile products were separated by color as much as possible ( Table 2) . A total of 31 textile products (41 samples) and 23 leather products (23 samples) were analyzed. To express the color of the products exactly, samples in which PAAs were detected at levels greater than the EU regulatory limit were color-classified according to the Munsell color system.
Materials
Information on the 26 PAAs studied in this investigation is provided in Table 1 . Anthracene-d10 and napthalene-d8 purchased from Kanto Chemical Co., Inc. (Tokyo, Japan) and 2,4,5-trichloroaniline purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) were used as internal standards. Pesticide residue grade methanol, hexane, and methyl-tert-butyl ether (MTBE) were obtained from Kanto Chemical Co., Inc. Citrate acid, sodium dithionite, and sodium hydroxide were purchased form Sigma-Aldrich Japan (Tokyo, Japan).
Sodium chloride was obtained from Nacalai Tesque (Kyoto, Japan).
The citrate buffer solution was adjusted to pH 6.0 (0． 06 mol/L as citrate acid) and the sodium dithionite solution (200 mg/mL) was prepared immediately before use. Each PAA was dissolved in methanol (1000 or 100 µg/mL) and standard solutions (10 µg/mL) were prepared using MTBE.
Sample processing
Textile samples were processed in accordance with EN 14362- 
Textile samples
Each textile sample was cut in an appropriate manner and 1 g of the sample was weighed and placed in a reaction tube. Next, 17 mL of citrate buffer solution preheated to 70±2 ℃ was added to the tube.
The reaction tube was held for 30 min at 70±2 ℃. After 30 min, 3 mL of aqueous sodium dithionite solution was added in the tube, the reaction tube was shaken vigorously by hand, and immediately held again for 30 min at 70±2 ℃. After 30 min, the reaction tube was cooled to room temperature within 2 min. The sample solution was filtered and transferred to a separating funnel after cooling. Twenty milliliters of MTBE were added to the sample solution, the mixture was shaken by a vertical shaker for 30 min, and the MTBE layer was obtained. This extraction procedure was performed twice and the MTBE layers were combined and filtered through anhydrous sodium sulfate. The filtrate was concentrated to approximately 1 mL with a rotar y evaporator maintain the temperature of the water bath below 30℃. The volume of the sample solution was adjusted to 10 mL with MTBE. Finally, 50
µL of MTBE solution containing 2 µg/mL of internal standard was added to 1 mL of the sample solution, and this solution was then analyzed by gas chromatography/mass spectrometry (GC/MS).
Leather samples
Each leather sample was cut in an appropriate manner and sieved to 4 mm. One gram of the sample was weighed and placed in a reaction tube. Next, 20 mL of hexane was added to the tube to degrease the leather and the sample was treated in an ultrasonic bath at 40℃ for 20 min. The hexane layer was decanted from the sample after sonication. This degreasing procedure was performed twice and the residual hexane was completely evaporated overnight in an open vessel in a fume hood.
Seventeen milliliters of citrate buffer solution preheated to 70± 2 ℃ were added to the reaction tube and the tube was held for 25 min at 70±2 ℃. After 25 min, 1． 5 mL of aqueous sodium dithionite solution was added to the tube and the reaction tube was shaken vigorously by hand and immediately held for 10 min at 70±2 ℃. After 10 min, 1． 5 mL of aqueous sodium dithionite solution was again added and the reaction tube was held for 10 min at 70±2 ℃. After another 10 min, the reaction tube was cooled to room temperature within 2 min. The sample solution was extracted and treated in the same manner as the textile samples.
For analysis of 4-aminoazobenzene, 9 mL of 2% (w/w) sodium hydroxide aqueous solution was added to the reaction tube. The reaction tube was shaken sufficiently to wet the leather material. Subsequently, 1． 0 mL of sodium dithionite aqueous solution was added to the reaction tube and the tube was shaken vigorously by hand and immediately held for 30 min at 40±2 ℃ . After 30 min, the reaction tube was cooled to room temperature within 1 min. After cooling, 50 µl of MTBE solution containing an internal standard (10 µg/mL), 5 mL of MTBE, and 7 g of sodium chloride was added to the reaction tube. The reaction tube was shaken by a horizontal shaker for 45 min.
The treatment time between cooling and shaking was within 5 min.
After shaking, the reaction tube was centrifuged at 3000 rpm for 10 min, and the MTBE layer was obtained. This MTBE layer was filtered through anhydrous sodium sulfate and the filtrate was then analyzed by GC/MS.
GC/MS analysis
All samples in this investigation were analyzed with a Focus GC equipped with a DSQ II MS (Thermo Fisher Scientific, Waltham, MA, USA). A DB-35MS fused silica capillary column (length: 30 m, internal diameter: 0． 25 mm, film thickness: 0． 25 µm; Agilent Technologies, Santa Clara, USA) was used. The carrier gas was He at a flow rate of 1.0 mL/min. The temperatures of the injector, transfer line, and ion source were 250, 250, and 230℃, respectively. The sample solution (1 µL) was injected in the splitless mode. The GC oven temperature was initially maintained at 55℃ for 5 min and increased to 230℃
at a rate of 15℃/min. The temperature was then increased to 290℃
at rate of 5 ℃ min and to 310℃ at rate of 20℃/min. The oven temperature was then maintained at 310℃ for 5 min. The MS was operated in the electron ionization (EI) mode at 70 eV, and the analysis was carried out using the selected ion monitoring (SIM) mode. The retention times and the quantifying and qualifying ions are listed in Table 3 . Table 3 . The data obtained in this investigation were not corrected by the obtained recoveries.
Limits of detection (LODs
RESULTS AND DISCUSSION
Textile samples
Twenty-nine cotton products (39 samples) and two silk products (two samples) were analyzed. The frequencies of detection and concentration ranges for each PAA in the textile samples are listed in Table 4 and the concentrations of PAAs detected in the samples are listed in Table 5 . Twelve PAAs were detected at concentrations biphenyl, and benzidine were mainly detected in scarves, sheets and covers. Almost all of the concentrations of PAAs detected in this study were below 1.0 µg/g; however, high concentrations of benzidine detected in 7 textile products (8 samples) were obser ved at levels exceeding the EU regulatory limit (below 30 µg/g). These samples (shawl, sheets, and covers) were manufactured in India (5 products) and unknown (2 products). The total ion chromatogram (SIM mode) and mass spectrum (scan mode: m/z=60-300) for benzidine detected in T-B3_O are shown in Fig. 1 . According to the International Agency for Research on Cancer (IARC), benzidine is classified as group 1 (carcinogenic to humans). The concentrations of benzidine exceeding the EU regulatory limit were very high (45-593 µg/g) and shawls, sheets, and covers can come into direct contact with human skin.
T-B3 and T-E7 (Store A), T-E1 to E5 (Store B), and T-E6, T-E8, and T-E9 (Store C) were obtained from three different retail stores.
Because benzidine exceeding the EU regulatory limit were detected in samples purchased in each retail store and high concentrations of benzidine above the EU regulatory limit have also been reported in scarves by RAPEX, these products may contain azo dyes generating carcinogenic PAAs. Thus, an exposure evaluation for benzidine in these products should be performed.
In our previous study, benzidine, 3,3＇-dimethoxybenzidine, and 2,4-diaminotoluene were detected above the EU regulatory limit in several placemats manufactured in India
12）
. However, 2,4-diaminotoluene was not detected in this study. In the previous study, 4-aminobiphenyl, 3,3＇-dimethylbenzidine, and benzidine were detected in the same samples 12） and a similar tendency was observed in this study.
In addition, the colors of samples containing high concentrations of PAAs were orange, violet, brown, navy, and blue. In the some of the samples with high concentrations of benzidine, the color of the buffer solution immediately changed from clear to the color of the textile when the sample was placed in the buffer solution. This observation can be attributed to the very low color fastness of the dye used in the samples. These tendencies were also observed in our previous study 12） and it was suggested that the azo dyes used for these products may have been direct dyes.
Although the detection frequency of 4-aminozobenzene was also high in the RAPEX reports, it was not possible to analyze because it degrades to aniline and 1,4-phenylenediamine during the reduction treatment used for sample processing. In this study, 4-aminoazobenzene did not appear to be present in the products studied since 1,4-phenylenediamine was not detected in the textile samples. 
Leather samples
Twenty-three leather products (23 samples) were analyzed. The frequencies of detection and concentration ranges of each PAA in the leather samples are listed in Table 4 and the concentrations of PAAs detected in the samples are listed in Table 6 . Eleven PAAs were detected at concentrations above the LOD in these samples and 9 of these PAAs are restricted in EU. The following PAAs were detected with high frequency: aniline (23/23), 4-chloroaniline (10/23), 3,3＇
-dimethylbanzidine (7/23), 4-aminobiphenyl (4/23), benzidine (4/23), and 1,4-phenylenediamine (3/23) ( Table 4) 
CONCLUSIONS
Twenty-six PAAs originating from azo dyes in commercial textile products that can potentially come into direct contact with human skin (31 products; 41 samples) and leather products (31 products;
31 samples) in Japan were investigated. Twelve and 11 PAAs were detected in the textile and leather products, respectively, with nearly all of the PAAs detected at low concentrations (below 1.0 µg/g).
However, the concentrations of benzidine (45-593 µg/g) in one shawl products and 6 sheet and cover products (7 samples) exceeded EU regulatory limits (below 30 µg/g). In addition, the concentrations of o-toluidine (430 µg/g), benzidine (31 µg/g), and 3,3＇-dimethylbenzi- Table 6 Concentrations of PAAs detected in leather samples (µg/g) ─ 204 ─ dine (40 µg/g) in leather products were found to exceed EU regulatory limits. Shawl, sheets, and covers can come into direct contact with human skin. Thus, exposure evaluations for benzidine should be performed for these products.
